Migraine is a common neurological condition that frequently presents to the emergency department (ED). Many medications are available to treat migraine. This study aims to characterize the demographics of patients who present to a large metropolitan ED with migraine, and to identify the medications used in treating this condition.
INTRODUCTION
Migraine is a common neurological condition affecting up to 12% of the general population. [1] Common symptoms include headache that is often throbbing and unilateral in nature, visual disturbance, nausea, and photophobia. [2] Migraine has a wide range of triggers which may include stress, heat, dehydration, fatigue and caffeine. [3] Migraine-associated disability is substantial, with 90% of migraine patients reporting moderate to severe pain with a reduced ability to function during their migraine. [4] While migraine is not a life-threatening condition, the pain experienced can be severe and is a common presenting complaint to the emergency department (ED). Further understanding of the characteristics of the migraine patient presenting to the ED may minimize the duration and severity of symptoms.
Prevalence and impact
Migraine is a highly prevalent condition with a large burden on society. The Australian Bureau of Statistics reported 6% of Australians suffer from migraine, or 1.2 million people. [5] A major study conducted in the United States by Lipton et al [6] 2007 found that 18.2% of females suffered from migraine. Migraine-associated disability is substantial, with 53% of migraine patients reporting impairment in activities. [1] Migraine induced impairment has both indirect and direct costs. Indirect costs are through migraine induced disability which impacts on the patient's work or study, and represents a loss in economic work force. Direct costs include outpatient visits, medications, emergency department visits, and hospital admissions. A study in the USA estimated that each ED visit for migraine costs $775, with annual costs of $700 million. [7] Migraine emergency department demographic and arrival characteristics
Migraine is most common in women in their midthirties. An American study found that the prevalence of migraine in the ages between 30 and 39 was 28% in women and 9% in men. [6] The demographics of migraine patients who attend the ED is similar to the general migraine population. A study in 2011 conducted over 22 EDs in France noted that 75% of their ED migraine patients were female, with a mean age of 37.6. [8] A 2006 study on headache in United States EDs also noted that the majority of patients with migraine were females. [9] In Australia 71% of all patients presenting to the EDs with migraine were female, with a median age of 37 years. [10] Arrival characteristics to the Emergency Department, such as time of arrival, mode of arrival, and triage category, may be useful prognostic factors for outcomes such as probability of admission, length of stay, or mortality. [11] There are few publications regarding ED arrival characteristics of migraine patients.
Treatment options and inconsistencies
The National Health and Medical Research Council's (NHMRC) Emergency Care Acute Pain Management Manual provides an evidence based management approach for health care professionals to treat a number of conditions, including migraine. Their recommendations include aspirin, metoclopramide, chlorpromazine, prochlorperazine, and sumatriptan, which all have a strong evidence base. [12] Antiemetics including metoclopramide, chlorpromazine and prochlorperazine are effective for reducing both pain and nausea in migraine. Opioid use is discouraged.
Medications used to treat migraine in the ED are quite varied. In a survey of emergency physicians in Ontario, Canada, 15% of respondents said that their department had a migraine protocol and of these protocols, 16% included antiemetics, 11% NSAIDS, 9% ergotamines, 2% opiates and less than 1% included triptans. [13] An ED in Houston in the United States used an anti-emetic most commonly [14] while in Trieste in Italy, 90% of patients received an NSAID. [15] Opioids are also commonly used in the United States for migraine treatment, particularly meperidine. [16] An Australian audit found that paracetamol and codeine were overused in the treatment of migraine. [10] 
Simple analgesics
Paracetamol has been shown to be superior to placebo. [17] NSAIDs are the mainstay for outpatient treatment and are useful for mild migraine, but must be used with caution in patients with a high risk of bleeding or kidney disease. [16, 18] 
Opiods
Opioids should be avoided in migraine treatment. They are associated with increases in headache frequency, increased headache-related disability, increased health-care resource utilization, and increased comorbidities including cardiovascular and psychiatric disorders including dependence. In one study 16.6% of current opioid users for migraine met the criteria for dependence. [19] Despite this, opioids are frequently used to treat migraine in North America. Their effi cacy is no better than NSAID use, while having more side effects and a higher migraine recurrence rate. [20] Opioid use should only be considered as a last resort when other options are contraindicated or have failed.
Antiemetic dopamine antagonists
Antiemetics are an appropriate and effective first line treatment of migraine in an emergency department. Chlorpromazine, [21] droperidol, [22] prochlorperazine, [23] and metoclopramide [24] have shown anti-migraine effi cacy and are relatively inexpensive. Prochlorperazine intravenously is just as or more effective than intravenous metoclopramide. [25] 
Ergot derivatives
Ergotamine and dihydroergotamine are effective agents for migraine but have been superseded by triptans which have a more favorable side effect profile. [26] Ergotamine has a poor oral bioavailability, making an oral triptan more effective. [27] 
Triptans
Triptans are an effective treatment for migraine. [28] Prescribing sumatriptan has shown improvement in overall heath functioning scores, fewer health care visits, and decreased absenteeism. [29] Triptans are particularly useful in cases with severe pain resistant to simple analgesia. The route of administration of triptans affects its effi cacy. For example sumatriptan given subcutaneously has the fastest onset and highest efficacy as compared with when given orally, intranasal, or rectally. [17] However, this method of administration of sumatriptan also has the highest rate adverse effects. [17] Adverse effects include dizziness, fatigue, nausea, paraesthesia, and chest tightness. [30] Triptans have different levels of efficacy. At two hours eletriptan is the most effective triptan, followed by rizatriptan, zolmitriptan, and sumatriptan. [31] 
METHODS
The study aimed to characterize the patients that present to a large metropolitan emergency department with migraine, and to identify the medications used in treating this condition.
Population
All patients presenting with migraine in the presentation to the ED or with migraine in the end diagnosis between March 2005 and December 2014 were included in this study.
Methodology
This study is a retrospective database interrogation of clinical records, used to collect quantitative data on patient demographics and medication prescriptions in the ED.
Demographics
Electronic data was extracted from Emergency Department Information System (EDIS), and the medical record. Each ED presentation is registered with EDIS, which records patient information such as demographic information, length of stay, mode of arrival, presenting complaint, discharge diagnosis, and discharge destination.
A migraine patient group was defined using two inclusion criteria: a) All patients who had the ED Departure Diagnosis ICD Code Primary of G43.9 -migraine. b) All patients who had "migraine" in their presenting complaint. These patients were then reviewed to exclude entries where migraine was a secondary complaint. Figure 1 shows the final number of patients in the migraine group.
Characteristics of the migraine patients were compared to those of the total ED population. These characteristics included sex, age, arrival time and date, mode of arrival, triage category, and length of stay.
Medication prescriptions
Migraine patients who arrived between June 4th 2014 and 31 December 2014 had their electronic medical chart retrieved. Medications and fluids given to these patients were collated. A total of 105 patient records were searched of which 98 patient medication charts were retrieved and used in the study. Electronic medication charts could not be retrieved for seven patients. Medication prescriptions were collated.
Analysis
Basic descriptive statistics are provided for all variable collected. Differences between the migraine population and the total ED population were tested using chi-square and analysis of variance tests. Significance was met at the P=0.05 level. Medication administration was presented in tabular format with both stat (immediate administration) and as required medications presented. Rates were presented per 1 000 presentations. (Figure 2 ).
RESULTS

Patient demographics
Medication prescriptions
Ninety-eight patient medication charts showed a total of 194 initial medication prescriptions, 242 as required medication prescriptions, and 142 fluid order prescriptions ( Table 2) .
DISCUSSION
Demographics
The patient demographics in this study is similar to other studies of migraine patients, with females of reproductive age more commonly affected by the condition. [6] Interestingly, the migraine patient demographics of sex and age of this study are similar to those of a previous Australian study conducted by Kelly et al. [10] The difference in prevalence between the sexes is likely to be multifactorial, but there is considerable evidence for sex hormone fluctuation as an important role. [32] The migraine population in the ED differs from the general ED population, which see more males and is older than the migraine population.
Triage
Migraine patients were mainly triaged into category three (76.6%). Interestingly, age of patients did not affect triage category but gender did, with females being triaged into more urgent categories. Data comparing the symptom severity between men and women show that women experience aura more commonly and have a greater impairment than males. [33] It is possible that women experience migraine symptoms more severely and are thus triaged more urgently.
Triggers affecting arrival time and increased arrivals
Arrival time results in this study may be related to migraine triggers. It was found that patients were least likely to present on Sunday, with a peak in presentations on Thursday. Similarly, Hoffman et al [34] found a peak of migraine events mid-week, with the least number of events being on Sunday. Stress is the most commonly reported trigger factor for migraine. [35] It is possible that work-related stress on business days is a trigger for migraine attacks, while Sunday, traditionally a work-free day, has a lower incidence of migraine attacks.
More migraine patients arrived in January and February. This contrasts to the general ED population which has a consistent frequency of presentation across all months. Heat and dehydration is a trigger for migraine in some patients. [3] This is unlikely related to increased presentations in January and February, as December, another extremely hot month for this study centre area, has one of the lowest percentage of arrivals. The lower number of presentations in December could be in relation to the commencement of the holiday season. The increased presentations in January and February could be related to stress, with many people starting work or study at the beginning of the year.
The proportion of migraine patients arriving to the ED has steadily increased ( Figure 2 ). Reasons for this are unclear.
Medications
There are no placebo-controlled studies demonstrating the effectiveness of narcotic agents in migraine. [36] This study indicates that narcotic agents are being prescribed frequently for migraine patients ( Table 2 ). This is also prevalent in the United States, where opioids are the most commonly prescribed medication for treating migraine in EDs. [20] Criticisms for opioid use in migraine patients include low effi cacy, increased recurrence, and high rates of adverse effects. [16] Opioids are commonly given for other acute pain conditions as they are generally safe and well-tolerated. However, migraine is better treated with alternative medication.
Similar to other studies, we found that triptan usage was minimal (Table 2) . Despite triptans being recommended in the guidelines, it is used much less frequently than chlorpromazine or prochlorperazine. This could be because of the increased cost of the medication, potential cardiovascular risks involved with triptans, or unfamiliarity with the medication. [13] While triptan use at this ED was minimal, phenothiazines and metoclopramide were commonly used. Our study found that metoclopramide, prochlorperazine, and chlorpromazine were also often prescribed for migraine, in line with the evidence and suggestions provided by the NHMRC. [36] These agents should be continued to be encouraged for the treatment of migraine in the ED.
Impact and costs
Despite the relatively small proportion of ED presentations with migraine, there is a significant cost involved with migraine patients attending the ED. Over one third (36%) of patients arrived by ambulance and the average length of stay was 322 minutes.
Initial opiate use for migraine is associated with a longer length of stay as compared with non-opiate first line agents. [37] Our study found that opioid prescriptions for migraine in the ED was common (Table 2) . Decreasing length of stay is associated with reduced ED crowding which has substantial cost savings. [38] Thus the reduction of opioid prescriptions for migraine in the ED and provision of adequate treatment may lead to patients receiving quicker and better relief of symptoms, reduced length of stay, and economic benefits for the healthcare system.
Limitations
This study found a low proportion of migraine patients arriving to the ED as compared with other studies. We undertook a conservative approach and used a strict inclusion criteria to identify migraine. It is possible that migraine patients were diagnosed with "benign headache" or "non-specific headache" which would not have been included. Furthermore, there could have been patients with a non-migraine headache who were mistakenly diagnosed with migraine. A detailed chart review utilising the international classification of headache disorder definitions may have increased the sensitivity and specifi city of our study, however this was not possible due to time and resource constraints.
The medication prescription analysis of this study was restricted to 98 patients admitted after mid 2014 for whom scanned electronic medication records were available. Despite these smaller numbers, the continued use of opioids for migraine in this hospital is evident.
CONCLUSION
There are numerous medications available to treat migraine in the ED. Opioid prescription for migraine remains high despite guidelines recommending otherwise. Metoclopramide and phenothiazines are also commonly prescribed, which is in line with current recommendations. Triptans were very rarely prescribed.
Opioid medication prescriptions for migraine needs to be reduced in favour of recommended medications such as metoclopramide, chlorpromazine, prochlorperazine, and sumatriptan. The introduction of evidence based protocols for the treatment of migraine in the emergency department may help reduce the use of narcotics and ultimately provide patients better symptom relief as well as provide economic benefi ts to the healthcare system. Funding: None. Ethical approval: Not needed.
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